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SHAPTER~ I
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. The growing importance of commercial crops has increased
the nesd for accurate forecasts and estimates of its production,
Hence reliabla forecasts of crop production beforé the harveah
wlll be of great help to the trade, Industry and to the
Government in making its price and eéxport-import policies.

Among the various branches of economic activity, agri-
eculture 1? the only one which seems to be gubject to wide and
irregular|{fluctuations of output. Whereas fluctuations of
Industrial production can be attributed almosgt entirely to
social factors which are amenable to control, the year-to-
year varilations of agricultural output are largely determined
by physical -factars. Rellable crop forecasts which may allow
the necessary goclal adjustments to be made in advance are
therefore of particular’ importance,

Of the two components of crop proguction, acreage and yle
acreage pregents a comparatively simpler problem, Ordinarily,
acreage is much more stable than yiaeld per ascre. For certain
purpogeg, 1t ig desirable to forecast aareage in advance of
planting. BSince the acreage of a casgh crop is usually
influenced by the ratia of the price of that crop to those of
competitive crops whieh prevalled during the previous year
(or years), forecasts of acreage planéed have often been based
on a regression analysis of these relationships, In addition,
weather factors may sémetimes be used to predict changeg in
acreage.«
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"Eha possibiliity of forecasting erop ylelds several
yoars in advance would, of caurse, be of great value in
the planning of agricultural praduction.ﬁﬂﬁhére are three
principal avproaches to forecasting crop-yields.

(a) TForecasts baged on the observations on erops environ-
ment such as weather and input supplies eteg

(b) Forecasts baged on eye obaervabiqna'of the growing

crop}

(¢) TForecasts baged on measurementg of the growing crop
in typical fields.

These approaches are complementary and may be comblned, Such
forecasts which are hased on reports of farmers or officlals
are to a greater degree subject to viclgsitude in human
judgement, For example, farmer's appraisals tend to be
congervative in a year following a poor crop. Hence these
approabhes were found te be subjective, It needs to dbe
invegtigated vhether the forecasting of crop production could
be made more reliable by adopting oblective methods such as
by taking into conslderatlion the biometriéal observations

on the crop during iits various growth stages.

These methods are being developed under

two broad lines vizs

{a) Methods based on objective sample measurements of the
growing crop. The problem here is to find some plant
characteristics which can he measured well in advance
of the harvest and which can be used as indicators P
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_'6¢ final yleld.

(v) Methods based on obgservations of the environment of

RN

the crop, particularly weather factors,

Frequently a combination of these two apprééhﬁés prove
superior to either method uged alone., 8ince for our present
study data on weathepy factors for smgll units were not
avallable, we confine our methodology to the first approach

on_plan ,.9...*nt

The forecasts of crop yields from plant counts and
meagurements, in lieu of farmers or officlals reports on

crop production, has at least two major advantages.

(1) By-product information that is available or cbtainable
by making minor modificationsyand

(11) Greater objectivity

Useful by-product information which can be conveniently
collected includes changes in componentg or Attributes of
yield over time and comparisons of yield charactepristics
among veriedties or cultural practices, W.th regard to
objectivity, farmers or.offlicials appraisal may not include
an accuwrate reflection of the impact of recent changes in
varieties or cultural practices. Although changing farm
practices may alter the parameters in the models, ane may



i -
feel confident that a forecagting system based on plant
counts and measurements is more responsive to chgggQS’in Parm
practices than farmer?’s appraisals. o
* *In some countrlies post harvegt estimates are worked
out on the bagis of farmers reports, However, estimatea
derived from preharvest sampling are more useful since thesge
are objective and will be avatlable earlier than estimates
from post~harvest farmer's report, Prehervest sampling also
provides a means of getting much valuable information that
cannot otherwise be easlly obtained, By means of laboratory
analysis of samples taken from fields, information on various
attributes of crop quality can be made awailable, Also,
if deemed worthwhile, information on some types of insect
damage, can be yeadily dbtalned,

-

igope of the pregent studys The present study pertains to
the methodology of preharvest forecasting of Jute crop

in West Bengal during the years 1970-71, 71-72, 72473 and 73-%
Jute 1z one of the most important cash crop in India and ranks
high among the commercigl e¢rops grown in the country., Its
cultivation is almost entirely confined to the Eastern states
of West Bengal, Assam, Bihar, Orissa and Tripura. The main
reagons for the concentration of the cultivation of this

fibre crop in these states are the favourable goll and

weather conditions, availability of cheap and skilled labour

* P,A.0» of United Nations

W
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and retting facilities, The Jute textile induatry 48 one
of the major industries in India, ylelding substantigl
foreign exchange thrcmgh export of its manufectures.

*The area under Jute crop in the country was 5.‘?1 lskh
hectares during the year 1950-51. Subsequently 1t showved
considersble amiual fluetdations, During the yeays 1965-70,
70-71 and 71<72, 1t vas 7,68, 7,50 and 8,15 lakh hectares
respectivély. The productionof Jute cyop for the years
1969+70,70~71 and 71-72 was 5.66, 9% and 9571 miilton bales
respectively. The likely achievemend in 1973-74 43 of the
order of 6,00 to 6,20 million bales, The produgtion targds
and achievements in the industrial sector of Jute‘*x&ar:ufactums
(in thousand tonnes umit¢) is as followas

196970 {ictual achievement) ely
1970-74 (Actual achievement) 1050
197172 {Anticipated) 1100
1973+ (Target) 1400
19737 (Likely achievement) 1460

The importance of Jute Iindustry, as na source of foreign
exchange is reflected in the fact that during 1969«70 the
value of Jute goods exported from Indla was %,205% erores
against a total export trade vaglued at B,1413 croreg, 7Tt
amounts to mearly $5% of-the total -trade,

*Minlstry of Food and Agriculture Gmrnmen{; of Indlas
Flanning Commission, Government o
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Even though the gystem ‘of crop forecasting was enforged
in Indla as early as in 188%, the Jute crop was ineluded in
thig system only in 1943<44, The Dirsctoratq of Economles
and Statisticg, Minigtry of Agriculture, Governﬁent of India
issueg estimates of Jute and other crops on the basis of
informatlion regeived from different states, In cage of Jute
crop, two forecasts are lssued, -the flrst one by the end
of second weck of Angust (about three months after sowing)
and the gecond and the final one by the £irst week of

November, . i

The firgt forecast provides information regardiné
the areas sown, germination and prevailing weather conditions .
Thig foregcast relates to acreage and does not deal with advance
information on production, The second and f£inal forecast
1s based on caomplete enumepation of all the fields under
the crop, Production egstimates in these forecasts are
baged on the partial reports of the crop cutting experiments
conducted on eaxrly harvested fields. Final estimates of Jute
production are baged on complete results of e¢rop cutting
experiments, Except for thig fiml estimate, which is really
a post-harvest forecast, the faorecasts of production issued
aye not based on any sclentific methods and are therefore not
of agsured rélisbility.

)

With a view ﬁozbring about improvement in the fore-
casting of Jute erop through the use of measurements on
biometrical characters in randeomly selected flel ds, the
Institute of Agricultural Regearch Statistics. in collaboration
with the Department of Agriculture, West Bengal and the
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Jute Agricultural Research Institute, Barrackpore, undertoock
a series of pllot studies on Jute erop.

The above mentioned pilot studies invblveé important
statistical problems in the analysis of the data collected,
Some of the problems discusged in the present work are ag
follows¢
(1) Cholce of appropriate model to study the regression of

yteld on bimetrical characters using the classical

least squares principle.

(22 Appropriate level, such ag districts of blocks,
at which the predlction equations can be constructed

and used.

(3%  Estimates of true variance components for betwsen
circles, betwsen fields within‘cirecles and betwedn
plots within flelds.

(&) Forecasting current and future years crop ylelds
by making use of equationsg pertaining to two ar more
of { the preceding years.



CHAPTER -
© MATERTAL AR ® \NALYSL

2.1 Material; The present study deals with the data on Jute
erop collected in the digtricts of Madie and 24~parganas (N)
of West Bengal during the years 1970-71 to 1973-74, The field
survey work was carried out in the special package programme
areas of the Jute crop in the blocks (i) Bhimpur (Nadia),

(11) Haringhatta (Nadia), (i11i) Baduria (2leparganas) and (iv)
J.AR I, Extension (24~parganas) during each of the four years

mentioned above,

The variety of the crop in the areas covered under the
surveys was generally olitorious, This variety is sown during tte
period April-May and harvested during August-October, THe soil
type of these areas is broadly alluvial and the average rainfall 1s
about 120 Cm, s

Organigsation of the survey work: The field work of the surveys
was carried out in two blocks in each of the two districts viz.,

Nadla and 2l-parganas (N) by the Development Staff (Jute Field
Assistant/Village Level Worker) of the State Department of Agri-
culture in addltion to their normal dutdes. The nﬁmber of persons
deputed for the survey work in each block was as unders

Rlock Nos of persong deputed
(1) Bhimpur [Nadia) .16
11{ Haringhatta (Nadia) - 118
131) Baduria (24%-parganas-North) 12
1v) JeAsRI. Extn, (2h-parganageNorth) 6

TOTALs 5
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The field staff of the Regional Orfice Jute Development,
Government of Indla, helped the above mentioned development
ataff of the Department of Asgriculture, Weat Bengal in

the collection of the required field data.

In order to have effective supervigion of the field
work, full time superviaory gtaff, conglsting of one field
of ficer and four field su;l;ervisor’s,' were provided, Besides
. the supervisory staff appointed under the‘project, the field
work was also supervligsed by the officers of the State Depart.
ment of Agriculture and the staff of J.A.R.I. Barrackpore
and I.AJR.9., Delhi were connected with the project. The
field staff were thoroughly trained in the colleection of
biometyrical observations before starting the ﬁeld work
in each year, The pattern of the gtaff engaged in the survey
work remained almost similar from year to year,

recording the data, two stage stratified random gampling
deslgn wasg adopted. Fowncommunity development blocks
covered under the special package programme, were tsken for
the study each year, The number of V,L.W./J.F.A, circles
in the blocks were varying from six to seventeen. Thsesge
circles constituted the strata. For each ¢ircle a list of
all the fields under the gpecilal Jute package programme

vas prepared and a random sample of five fields was selected
from each such list. In each selected field two plots each
of size 2m x 2m were selscted at random for recording
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detalled biometrical observations,

According to the plan of the work, tfe biometrieal
characters weyre :}e,cerd@d at various growth stages of the
Jute cropes The first obserwgationg were rec;}dad a month after ©
the sowing of the crop followed by periodic ohservations at
intervals of four weeks upto and ineluding the time of harwest,

The total number of plants were counted in each gelected
plot on each occagion for recording the obgervations. For
meaguring the plant height and basal dlgmeter during the growth-
period, five plants, four‘eorner plants and one central plant
in each of the gelected plot were taken into eongideration.

The fibre weight of Jute was taken after retiting the crop.

Some data were'reaactea from the list of fields in the programme
of the study due to nonnavailability of data relating to fibre
weight after retting and due to partlal recording of the
blometrical observatiens,

-

2¢2

(a) Using the principle of least Squares the regression

of fibre welght of Jute on plant dengity, plant height and

basal diameter hag been studied under ths following .models;
(1) Yua,*l-b»‘x}-i-c x -!-d 3
(11)Mg&aa2¢b2 Log x, + Cp chxatdgl‘ogxs

vhere Xyr X0 xB an& y.denote the plant density, plant height,
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basal diameter and expected fibre yield corresponding to a
set of values of XyrX, and x3.

e,
-

Keeping the dependent variables same, in the abave
mentioned two models and then applying differenfsécalar
transformations to the three independent variables viz,,
linear, logarithmic, square root and recdiprocal, the relative
prediction value of the aquations were tested by working out,the'
values of R, the multiple correlation coefficlient and the
‘eorresponding reaidual sum of sghares, We choose that equation
which ylelds mimimum residual sum of gquares, It can be easily
seen that the number of ecombinations for each model is 64
if each of the three independént.varidbleg is transformed
in turn vith such transformations of the other two vardables.
The 6% equations are directly comparable gince the dependent
variable znd the number of parameters to be estimated are same

for the equations,

Por the cholce between regression equations based on
linear and loglinear transformationg of the dependent wvariables ,
we camnot apply the technique of minimum residual sum of squares,
because the difficulty erlses due to scaling factor, The
variance of Y changes with the units of measurements of Yy
but the variance of log Y doeas not, because log ¢¥ = Log ¢ +Jog X
and the addition of a constant {log ¢) does not alter the var-
iamce. A direct comparison of residudl sum of squares 1s
therefore meaningless becausge by a proper cholce of units of
meagsurementa one regidual sum of squares may be nmade smaller
than the ether,
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By standardiging the vgriable Y in such a way that its
variance does not change with units of“measuremen'b we may
~bring thege two equations onto a cammon footing. If we
do the transformation go that the iJacob:lé.n‘ of transformation
1s the same for 2‘ and log Y, y Where Y ts transformed Y,

we can directly compare the residual sum of squares,

4 transformation of Y that allows such a comparison

of the regidual sum of squares may be defined as
¥
Y = (e)x(Y)

Where , )
C = expenential -

Yiog ¥ j
N
is the inverse of the geometric mean of Y.

By gtandardiging Y by its geometric mean and defining
the standardized value, of Y we may express the two equations
(1) and (11) in terms ér Y* rather than Y as

(£11) Y= a1 +b1 1-'-@ x, ¢ 113

* *
(iv) log Y s:gg'# b?. I"ngq‘!”cg, Logxaﬁ' d, log XB

Since the residual sum of squares in these two equations,
(1141) and (4v) are directly compareble, we choogee¢ the
functional form yielding the minimum residual sum of squares
ag the empirically appropriate functional form.

A non-parametric test is used to see whether the
difference between the regidusl sum of squares in these
two functional formg 13 gignificant. The test i3 based on
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a statistlic defined as

!

2
' e
d = E ' Iog z } :
2 ! S
f 2 :

..y

where Zei and 2&2 are the residual sums of squares

in e stimating equations (41i) and (iv) respectively, They
arg based on the same number of degrees of freedom, The

d statistic follows a chiesquare distribution with one
degree of f{reedom, When the d statistic exceeds the chogen
critical value, we may reject the null hypothesisz that
these two functions are empirically equivalent,

{b) The data available for the study under conslderation
conteins two blocks in each @istrict and the random selection
of circles, fields and plots are done with the blocks as the
bagls. Fach year's data comprises of four blocks and

hence the hémogeneity of bloeks over the years hag been
examined, The question arises whether the same regression
relationghip will apply to each block, when meagurements

have been made of geveral blometrical characters in different
blocks of data, Even 1f the regression coefficlents are
equal for each block, the congtant may differ, so that the
regression lines will be parallel rather than coincident,

¥f the regression equations for the different blocks are
identical, even to the congtant term, the blocks may be
regarded ag homogeneous in mespect to the relationship

of the dependent varlable with the set of independent variables.

Hence 4t follows that any difference between the mean values
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of the dependent variable for different blocks 1g attribut-~

able to differences in the mean values of the lndependent

varigbles,

The significance of the diffementcamong the
regregsion coefficients for different blocks may be tested,
by meang of the analizgig of variancey On the hypothesls tha
the regression coefficients in ths population are the
same, the common set of coefficientg may be estimated
from the combined sums of squareg and products within
the blocks, and the regressions sum of squaresd determined
from the combined data, Thks sum of squares would be
identical to the sum of the regresslon gumg of squares
from each block, 1f the regression coefficlents were
in fact the same for each get, Hence, the difference
between the sum of the regression sums of squareg for each
block and the combined regression sum of squares glves
a criterion appropriate for an overall test of dlfferences
anong the coefficlents,

To carry out thege tests we shall require (1) the
combined sums of squares end products for the different
blocks, which we define as the sums of the corregponding
sums of squares and products within blockay and (111) the
overall sumg of squares and productsg, which we define as
the total sums of squares and products overall the dblocks,
regardlesa of block differences. .

Suppose that there are m blocks of data, with p
independent variables Xqy ZjpeeseraXye We use the



.15

following notations

th

n,, number in the » block

n total number A,

Up Sum of squares of ¥y in the 'r th block

Prq Sum of produci_:s with x{' in-the r th block

trmt Sum of products of x, and x; in the rth block

by partlal regression coefficient on x; 1in the
r P yiock

t cht Combined sum of produets of x, and X,

and, similarly, other quantities in the combined
analys:ls will dbe indicated by the gubseript cj

% ohi overall sum of pradhc‘hs of x, and x; and
similarly, other quantities in the overall
analysis will be indicated by the subscript o,

The sum of squares for regression for the r t block

Zi by Ppyy With p degress of freedom, where
hi
= Z ) rh tr s where t 13 the quantity in

the inverse matrix corresponding to the matrix (trhi)'

fhe combined regression cosefficlents are b, = Z ) tm
¢l 5 ch
so that the sum of squares for the combined regression, also

with p degress of freedom 13 2 bci

’

?ci
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Hence the gum of squares for testing differente of regressions

is Z% b1 Ppy Z szi‘ pci}.
- . .

i

4

the gum of squares of the above quantity can be written in the
form Z z (b i~ b‘;i) ) 1t in vhich its dependence on
r 1

the differences of the regression coefficlents in the dlfferent
blocks is elearly shown, The analysis of variance for testing
difference of regressions iz ag follovwst

F PO Sum of Sougres Yean Square
1
: E ‘ ' 1
¥ : % bCi pCi :
t ' '
L ' '
Bifre . ' .
i ffer- ' ' '
ense of Hm-1)p 122 b P~ 2D Ll 1590y P2
vegress- : ri Pri ¢l Poi T4 Pra” L Pei Py
dens ! o ¥ t 1 :{BM » t
: s t
L] ]
Combimed nwmp-m) Mo~ 22> b, Dy - [“c"‘ )b prﬂ
rogidsal ¢l  nempem *3
e o " Y “
Total ' n-m ! u, ¢
within ' ¢ )
bleeks ! N '
) ] r
' ' t
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(1) Tesk of erences of o ons If the différence
of regressiong is not significant, 1t may be assumed that
the regression lines for the dlfferent blocks arse parallel,
the combined regression coefficients bq?lieing applicable,
The guestion then ardses whether the differences in the
position of thése parallel lines are significant. To test
this a single line 1s fitted t:(o all the data, regardless of
block differences. The everall regression cosffieients are

\

b ol © % Poh tohi glving an overgll regression sum of

squares of Z Doy Py
i

The overall sum of gquares of y has n-1 degrees of
freedom, an increase of m-{ degrees of freedom over the total
within blocks, this inerease representing the variation between
blocks. The analysls of variance which includes tests of
difference of regression and of position 1ls as follows,

Here care should be taken not to test difference of positions

unless difference of regressions is invfact not significant,

Contlsoaee Q18
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Source L RaE! Sum of Squares | Mean Sgugre
! _ :
§ r z - 1 |
Overall ' ' by P !
regresg- | P g ol o !
ion ] % L
P +
¥
. '
giffference ) m=1 ;uo-uc-i Dot Doy + 2 bci Pet F“[ *“e*f_(cipci*’ﬂ %Q
pogitions : : N
A ' }

.
giffference '(ma-‘l)p :Zme Py ~ 2 by Py -4)? 2.2PriPps - Zbcj, Pﬂ
regressions | f" 1 1 :

' S - T ¥

1 b

Combined Nemp-mn - b, p B, - P
residual ?‘- : ¢ Z i “ri %‘n*mp"m)[c rzjz_ el

' t ri ;

f

T v
Tetal ' n.t ! u, ! -
» ] ! ¥

{e) The pilot studles were carried out in West Bengal

Btate on Jute crop during the years 1970+71, 71-72, 72-73 and
73~A. For the purpose of the survey, a stratified tyoestage

random ganpling design vas adopted., Two digtricts and two
ty development blecks within each district, were
covered under thse survey during the years mentioned above,

gommun.

The community dewvelopment bloeks in the digtricts having
large areas under the Jute crop were chosen for the study.
Data were collected on the same set of blocks during all
the four years. The totallity of the Jute fields in these
blocks constituted the population for the characters under
study, with each of the blocks being regarded as a sub=-
population, The number of V.L./J.Fle. circles in the
blocks were varying from gix to seventeen, All the circles
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‘within each of the blocks were considered for the study and
thus these circles constitute the strata. For each cirecle,

a ldst of all the fields under special Jute package programme
was prepared and a random sample of filve fields was selected
from each such list, In each of the fields™seleccted, two
plots of size each 2ux2m were located at rapdom for recording
detailed biometrical observationsg, o

The fields within each circle (i.e. stratum) formed the
first stage unlts and the plots within fields formed the second
stage units., The two stage analygis was carried out to hava
information regarding the variation betwsen flelds within oircles
and betwyeen plots within fields, Also, between circles (i.e,
between strata) veriation was werked out for each block along
with the abowe analygis and the results were pooled over blocks
(vith appropriate degrees of freedom) within each year, agsuming
homogenelity over blocks,

In the gbove twowstage sampling design the sapmpling
variance of the mean is a function of the variance components
at the two stages. In order to estimate the sampling error
of the mean, 1t 1s necessary to obtain information on thoge
components. Further, such informatlon will also be ugeful to
develop a sultable sampling scheme wherein the total sample
is distributed in such a manner that maximum efficiency is
attalned.

For calculating the variance of mean of the characters
under study, the following analysis of variance was carried out



for each year, to separate the variations dbetween circles,
fields and plots within fields,

-—

let yu s be the measure of the character under study
in the 3 plot of the i field of a stratum, The additive

model is given as s

V3= P ¥ ft oy

vhere p is general mean, fg the effect of the iu? field and
@4 the effect of the Jth plot in the 1'th fie1d; Assuming
that £, and e} ave uncorrelated and distributed with means

zero and variance a—"; and 0—'2 respectively, the analysls

of variance is given ag belown:

Analysis of Variance .

qures of Vorla! | R ' Mg don of 1,5
Betwean gireles o let ' '
(1.e. gtrata) : : :
t 1 - t 5 ', o
Between fields ' - (my-1) tg ] +
vithin eircles ' 121 4 t £ s O /\1 g
3 ! L 4
t 3 ' '
Between plots v ny Tt ' >
within .ields ¢ > I An N 3..1 ¥t g 2 ' g
Voi=t = s '
? {] 1]
¥ ! t

where 1 is the number of circlegy my is the number of fields
in i L circle, and n, 4 4 1s number of plots in J field of
i th circle,
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/| 24 )
Al el N
: -1 1=1 . .n
P 3 ot

Where ni' is number of plotg in the 1wt ciicle and

1 '
m!‘ = Z %-n
i=1

L

The meoan wvalue worked out for a stratum is given as

ny M43
A ' ¥
¥ = 1 =y Tk
s
jay 1 . )

gince the number of selected units abt different stages did
not very much, instead of the exaect formula for the variance
ef an estimated mean, the approximate formula given balow

was ugeds
2 2
g, o -
Vé) R £ + —

where m is the average number of fields in circles, n °

the average numbey of plots in fields and other notationsg are
same ags mentioned eariier, As'_t’he; sampling fractlon wag samll
at all atages the ¥inite corge%iﬁ.on factors have been ignored.

A cost funetion



‘.22

-—

vhere ¢, and c, are the costs incurred during the survey to
collect information for a field and a plot~g§spectively,

was considered so aa to obtain the optimum v;;ueé for m and n.
Thege were worked out by mindmising the varlance subject to

fixed cosﬁ equal to 7 Gy

{4) The pilot studies which are under consideration aim

at developing an appropriate regéession equation so that yield
caﬁ be forecast in advance of the harvest as-accurately as
possible. To forecast the yield in a year, the regression
equation oriita'immediate past year has been utiliged so far.
Here the mean values of the biometrical characters (independent
variables) are substituted in the.equation developed with the
help of previous data (i,e, retaining thensame regression
coefficients and the pure congtant term) and the yiélé is estinm.
ated,

1

attempt has been madéd to see whether the regreassion
equation htainﬂdghanaingﬁxng:combined data of two or more
preceding years would improve the estimate of the yleld compared
to the one indicated earlier, Equations has been obtained using
one previous year data, two previous years data and three
previous years data and the egtimates obtained thus dy utiliging
the meang of the blomeirical characters, have been examined,
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3.1 As has heen informed in thé earlier chapters, the
observations qn biometrlcal charatters were recq?aed.on Jute crop
perlodically., Obgervations relating to ths firsq perlod weré
recorded after four weeks of gowing of the crop ;nd.ﬁhose for

the subsequent perdods at intervals of four weeks upto and includ-
ing the time of harvest, The: periods during which the obgervation:
weEs recorded were (inweeks) 3-7, 7-11, 11-15 and 15-19, The first
two periods were too early in the senge that the plants will be in
their initial stages of growth and hence the prediction of yleld
throggh the plant counts may be weak, The fourth and final

perliod was cloge to harvest., DMoreover in some c¢ages of early
harvest, observationsg on biometrieal characters could not be
obtained, As the preharvest estimates wlll be useful only if they
are made reagsonably in advance of the sctual harvest, it was
considered that the blometrical observations made at the third
perlod would be the latest get which is likely to serve the purpose.
Hence the results that follows were based on obgervations of third
period only, which is consideyed as more appropriate than the

other three perlods.

The correlation matrices of yleld y (i.e. fibre weight
of Jute crop) with the blometrical characters (x1 = plant density,
X, = plant helght and x, = basal dlameter) for the years 1970-~71

3
to 73-7% are presented in Table 3.1.
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From the Teble 3,1 it may he obgerved that the correlatio
coefficlents betvween fibre weight and the number of plants
were significant in all the ysars, Also correlation eo-
efficients of yield with plant height were significanb during
the years 1970-71, 1971-372,, and 1973«7%, In’ casie of Basal
dlameter the correlation qcefficient Yas significant in the |
years 1971-72 and 1973-7%, Thus fibre yield wa.a correlated |
signiﬁcant:!y in all the four years vith no. of planta, |
in three out of four years with plant height and in }wo
out of four years with Basal diameter. l '_

3.2 {a) The multiple regression of fibre yjl.eld on the
average number of plants per plot.(of size fouz; square. metii-es;),
average height of the plant and g‘&era,ga Ragal éiameter of the
plant was worked out under the models mentloned in Chapter Il' 2:2(d)
The cbserved values of the biometrical characters were subje¢t
to meagurement errops. However, the errdrs were expected to

be negligible because tha measurement technlque adopted during '
the field survey work had been standardized and the field staff - |
vere thoroughly trailned in thelr use, The uge of the clagsical
regression theory tweating. the varlous biometrical observations

ag independent variates may be consldered as valld,

By applying the four scalar transformations {linear,
logarithmic, square root and reclprocal) to the three independent
variables vigz., plant denglty, pldant height and Basal diameter,
the 6% regression equations for each model for each year aleng
with the corresponding multiple‘ c:orrelation coefficients have
been presented in Tadles 3.2.,{a){1) and 3.2.(a){2) with y and
log y as dependent variablesg respectively.
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It 1s to be noted here that the equation whitch ylelds the
highest value far the mpltipie correlation coefficlent {R)
will have the minimum residual stm of squares,

Nka,

From the Table 3,2.(a){1), 1t was obgerved that in
regpect of 43%, 83%, 36% and 47% of the equations dt:iring. the
years 1970-74, 71=72, 728~73 and 73-7% respectively, the
multiple correlatlon coefficients values was less than that of
the simple linear equations valwe {i.e, ¥ :.a.# + b.{ Xyt €y X,
+d, zs). In respect of the remaining equagions for which the
maltiple correlation wag higher than that for the simple linear
equation, the largest difference in the R values was found
to be 0,022, 0,006, 0,010 and 0,018 for the years 197071,

71«72, 72-73 and 73«74 respectively,

From the Table 3.2.{a){2), it was obgerved that in rege
pect of 59%, 75%, 92% and 66% of the equations during the years
1970-71, 71=72, 72~73 and 73-74 respectively, the multiple
correlation coefficlient (R) values wag loss than that of the
log-linear equationts value (i.e¢, log ¥y = By + b, log Xq * €
log x, + d2 log 13). In respect of the remainlng equations
for which the multiple correlation was higher than that for
the log-linear equation, the largest difference in R values
wag found to be 0,043, 0,013, 0.062 and 0,018 for the years

1970-71, 71«72, 72-73 and 73~-7% respectively.

It wag obseryved that by trangforming the independent
variebles in the equations, (keeping the dependent variable
congtant) the difference in the variability explained by




thege equationsg was only marginale Hence from the practical
point of convenience that it would appear thét -the aimple
linear and log-linesy eguations are more appropriats than the
others, '

.oyt

To d1sdinguigh between these two equations & method has
been suggested in Chapter II 2.2.{a)y The two equations, simple
linear and J,og»li_.t;ear' are denoted by (1) and (11) ghd the corres
ponding transformed equations i,e. by multiplylng the dependent
varisbles by c, the inverse of the geometric mean of the y
values, are denoted by (4i1) and (iv). The values are presented
in the Table 3.,2(a){3). From this table it was cbserved that
for three out of four years equation (4%) is empirically a more
appropriate runct'.iq;nal form, by virtue of having the regidual sum
of squares smaller than the other. The year 1973«7% wasan
exception and in that year equation (h) was found appropriate.
From the last column of the table, which gives the values
d-statistic, for testing significance between residusl snm of
squareg of the two functional formz, it wam observed that the
two fungtional formg were empirically equivalent for the years
1970-71, 72-73 and 73-7% and the log+linear equation was superior
for the year 1971-72,

To gum up, the results indicate that practically boty"f/
equations, linear and lég.linear;m ezzgpiricanly equi?aﬁggt
except for one year's data., The log~linear equatiqn’:{s
suggaested as superior to the linear equation rg_xviﬁts conglstency
of having higher value for the multiple coxf;Ai;icion co~
efficient.
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3.2 (b To test the homogeneity‘éf regresslon equations over
blocks for each of the years 1970-71, 7172, 72;73 and 73«74, the
method hag been suggested in Chapter II 2.2.(b)*%fﬁhé detalled
analysis of vardance was carried out for each year and the results
are presented in Tableg 3,2.fb)(1)..

The resultg dbtainedyin the tables ghow that the
difference of regregssiong was not significant for all the four
yearg, BHence it wag found valid to use the combined regregsion
over the blocks in each year, The difference of pogitlons, were,
of courge, found to be highly gignificant for the yearg 1970-71,
71=72 and 72~73. _In 4973-7% 1t was found to be nonesignificdnt;
Thus the regression lines wlll be parallel and the distante betwee
the lines gives the relative effects of the different blocks,
Henge it was concluded that the blocks may be regarded as homo~
geneous in respect to the relationship of the dependent variable '
with the get of independent variables,

To tegt for the homogenelty of regressjon equations
over years, the same method was applied and the results are
presented in Table 3,2.({b)}{2). Here also the differences among
regression coefficlients wag observed to be non.gignificant while
as the differences of positiong was highly significant, which is
so ag variation exists over the years, Hence with respect to
regresslon equationg, it was founé valid to use the cambined
regregsion over the years.

3.2 (c)s A stratified two.stage random gampling design was
adopted in the pilot studies as mentioned in the earlier chapters.
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Two districts and two community development dlocks within
each digtrict, were covered under the survey during all the |
four years. Theve vere about six to sé“ifenteen VeLoWa/TFehy
circles in the blocks and thege congtitute the astrata. wth-
in each circle five fields were proposed to be selected ab

random and within each field two plots were located at random
to record the measurements. Flelds within circles formed the

firgtgtage units while as the gecond stage units vere
the demarcated plota within fields,

For studying the efficlency of stratification with
the help of data from the pllot studies, the analysis of
variance of plot ylelds were pooled over the different strata,
assuming the number of clrcles are distributed among the
strata in proportion to the crop areas and the order of mage
nitude of variation in the yleld rate within different strata
ag the same. The detalls about such analysis of variance
table has been mentioned in Chapter II 2.2{c). In some circle:
the number of fields selected were Jlegs than flve rendering
the data non-orthogonal, This fact has been taken into acce
ount and the appropriate formula hag been used in working
out estimates of true variance compongnts, The analysis was
carried out for each block and were pooled over the blocks 1
for each year assuming the homogeneity of blocks, -

The Nested analysis of varlance along with estimates
of true variance components for each of the charactersviz.,
fibre yield (y), plant.{density (xy)y plant hedght (:;2) and
basal dlameter (x3) are presented in the tables 3.2.(e)(1)
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Wwith the help of thege estimates &\—i and?r? i.e.

variance hetwesn fields within eircles and variance between '
ploty vithin ffelds regpectively, the optimum values for W and
® , 1.6, the average numbey of fields within each circle and the
average nurber of plots within each field, were worked out for
each of the hiometrical character for all the four years data,
This was done by minimising the variance

2 2 )
v {a—f//ﬁ * o /_.5}

subject to fixed cost C = ¢q W + ¢, o n, vhere o, iis the NN
cost attributed to fleld work only and o to that of plot work

enly. The optimum valueg obtained in the process vere

1

n = ¢ o2
opt c, N
T
5;% # ;;3 - - .. . ¢
opt v c14-02 nept

But the actual estimates of cq and e, values were not avallable.
Bowever, on the bagis of empirical considerations baged on enquire

ieg it was felt that the ratlos 1s8%, 1:2 and 2¢1 for °1‘-°g gener:— .
ally represent the situations covered. For these thrse ratios

the valueg obtained for W and i are presented 4in Table 3,2.(c)(2),

mex
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@hinmm values of W and n after averaging out over the years,
wvere ag follows: '

-

piant ‘Basal

- Ratio. ' "*'gianfty A
CqicC ens hel diameter
1772 (x‘ff' ) (:.”.2§ &33
) ek - t
121 m 6 6 ) '
n 2 2 2
12 m 8 6 é
b 1 1 2
231 i 6 g 5
n 2‘% -2 N 3 P

Hence from the results obtained, it was observed that the
optimum values for the average number of fieldd per circle and
'ahé average number of plots per field was found to be genevally
6 to 8 end 2 respectively for the three ratios consldered,

3.2 (d)g Using the combined data of two or three preceding
years or of previous years to predict the cmrrent or future year's
yield the following procedure way adopted, The average values of
the biometrical characters were subgtituted in the fitted regress-
ion equatlion of the previous year {or combined previous years data)
and the estimate of the yield, ¥y was worked out, This estimate
was compared with the obgserved value and the percentage difference
was taken into consideration to draw the conclusions.,’

use of the individual fitted reg ression equations of 1972-73,
1971+72, 1970-71; the combined regression of 1972+73, 1971-72

To predict the yleld for the year 1973«7l4+, we madj

|
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and 1972«73, 1971«72 and 197071, The same procedire wag
followed for the yearg $972-73 and 19‘21&*7&. The yesullyg
so obtained are tabulated in the Tahle 3:28a){1)s

It was obgerved from the results ebtained in
Table 3}2.((1){’19 that for forecasuing the yield at;'m*l??a-?!p,
the estlimate value obtained by making use' 61‘ the regression )
equation of 1970-197¢ was found to be very close to the obger.
ved value ag the percentage difference being only 0,8, The

.....

the above dlfference to the extent of 4 143 and «3,5 respect-
ivelyY From the rainfall data for West Bengal during the pers
iods April-May to October«November for the above faur years,

it wag obseyved that the rainfall was more or less similar

in case of 1973+7% and 197074 and variations were obgerved

for tho other two years., Hence in view of thes‘q‘; varlations

of rainfall, the above resulty were Justified since generally
oné éxpress the difference ghould be small for the immediate
past year to the year under consideration than vhen compared

to the years which are much older. The same pattern of regults
were obtalned for forecasting the yield of 4972473 by making
uge of the fitted regression equajbic}na of 1972172 and 1970«7%.
The percentage difference explaimed by the use of farmer
cquation was ~21491 and it was =15.7% yith raspect to the latter
equation, It was of the order of 4 4357 when the fitted

" regression equation of 1970-1971 was used.to forscast the yleld-
of 1974-72% Hence Lt was observed that the use of the
regrossion equation of the immediate past year, may not be
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strong unless the two years are similar with regard to factors
13ke weather, rainfall eto, .

Use of combined data of tyo or more years, stabilipes the
regressioncoefficlents and also the seasonal variations will
be taken into account and hence provides a beotter estimate than
by using a single years data. Using two years data the percent-
age 'difference between the obgerved yield of 1973~74% and that
‘eghimated was % and 1t reduced to 7.9 wheﬁ the data of 197071
was included to the above set of twp years data.(Table 3.2,{d)(1))
The percentage difference was reduced from -2179 to -20%%, though
marginal, when the combined data of two years were used ag
against a single years data for forecasting the yield of 1972~737

Hence in view of the above results, ib wag obgerved that
the ugse of combined regrgssion equation of the available pre%;:!.ous
yearg data yas more appropriate than the uge of any single year
ag 1t has got two advantages vig. the gquantum of data being large
and the geasonal variationyg between the ysars will -taken ears
off.



SUMMARY
- with a view to build dup pre~harvest estimates of fibre
yield of Jute crop on the bagis of blometriesl obsérvations such
as plant density, plant height and basal diameter of plants,
recorded at the various growth stages of the crop, the Institute
of Agricultural Research Statistics undertook pilot surveys
in West Bengal State during the years 1970-71, 71-72, 72-73 and

73~74,

The survey was conducted in the districts of Nadia and
24~Pavrganas (N), PFour community development blocks, two from
each dlstrict viz., (1) Bhimpur (Nadla) (1i) Haringhatta (Nadia),
(111) Baduria (24-Parganas) and (iv) J.A.R.I, Extension (2k-
Parganas) were covered under the survey. The totallty of these
blocks congtituted the population for the charactersg under
study with each block being treated as a sub~population. The
nuzber of circles were varyilng from glx to seventeen in the
blocks totalling &H&y in the fbur“blodks together.

-

Tae design of the survey was stratifled two-stage random
sampling, with fields within circles as primary stage units and |
plots within fields as the secondary stage ynits. All the circles‘
were covered under the survey and hence each of them constituted
a stratum, Frgm each circle, five fieldg growing Jute Crop were
selected at random and within each field two plots each of size
sm x 2m were located at random for recording the detailed ble- '
metrical observations. The total number of plants were counted

t

in each selected plot and the obgervations on height and basal
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dlameter were recorded on five plands (thq_?our cormer ones
and the central plantd, The first set of ;ﬁsefvations
were recorded abou§ & month after gowing of the cropj

this was followed by periodic obgeryations at intervals

-0f four weeks upto and inclusive of the time of

harvest.

The third period (i,e. observations made during
the weeks 1f~15 after sowing the crop) was considered as
appropriate to forecast the yleld in preferancs to the
other pariods during which the obgervations were recorded,

T™e dlfferent trangformationg applled to the
independent variables {1,e, on the three bdiometrical
characters) in the prediction equations were found te be
only of marginal improvement over the simple linear and
log~iinear equationg, Rence thege two were considered
to be empirically appropriate for prediction purposes.
Bebween these two equatlong log-linear was found to be
superior to the simple linear equation,

&

The combined regréssion equatian over blocks within
each year and over ygars were found %o he valid as the reg-
resgioncefficlents were found to be homogeneous in el thed

casgso.

For the sampling deslign adopted in the survey, the
optimum mumber of fields per circle and plots per fileld |
were found to be 6 te 8 and 2 respectively.
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To forecast the yleld rate for the year 1973-7% ,
the fitted regression equatilon baged on the immediately
preceding year was found to be inferior to the oné based
on the data pertaining to thé yeans 1970-7+ and $974-72,
This surprising result: was attributed to the fluctuations
in the weather, rainfall etc. over the years. However,
the comblned regression equation baged on all the thiee
previoug years! data was found to yleld better resnlts.
The combined equation has tyo advantages viz. a larger
quantun of datd amd the averaging of seasonal wvariations
overr yearsg.
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Table 3.,2.(a)(1)

~

8.%o,| ¥ Nl B % 1970-71 1932‘72 1972-73 | 197374
N X, X, X 0489 | 00671 | QM5 | OGUST
2 | log xg 091 | 0,671 | 0418 | 085
3 J§‘3 0,490 0,672 | OM16 | 03485
4 1/::3 0.%493 0,666 O,k20 | O,486°
5 Log x, % O.82 | 0,643 | 0417 | OL79
6 1og x 0,48% 0,647 | 019 | 0479
7 Jig 0,483 0,64 | 0,548 | 0.h79
8 | 1/:;3 0,487 0,648 | 0,421 | 0,479
9 &) = 0,486 | 0,661 | 0416 | O,L83
10 log x4 0,488 0,663 | 0M19 | 0,483
11 \E 086 | 0,663 | 017 | 0,483
12 /x5 o000 0661 o.k21 | 0.48%
13 1/%, X, 0,472 0,586 | 0,418 | 0,h65
L log %3 075 0,590 | 0420 | O.hék
19 | 553 073 0,588 | 0419 | 069
16 | /x5 0,%79 0.59% | 022 | 0,46k
17 |10z %, 2, %y 0,508 | 0,677 | Oyt | 0493
18 | {108 = 0.509 { 0.677 | Q17 | 093
19, ] B 0,508 | 0,677 046 | 0,493
20 1/%5 0,511 0,671 | 0418 | Ohoh
21 Log %, X, 0,500 0,648 o1k | 0487
22 Log xg 0.502 0692 0416 | 0487
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. 8o, y z, _I‘e B x3 %1 ’19—?3:72 / 1;9373 19?%-7%
t |log ¥y x, X, xa 0,519 0,700 l 0,429 0,498
2 Log x, 519 0.699 | 0,432 0,498
3 ,[SEB 0.518 | 0,700 0.L30 0,498
& 1/xy 0,523 | o,60m 0433 03499
5 Log z, %y 0510 | 0698 0430 | oiuge
8 Log X3 0,512 0.701 0;h3n 0,499
14 J’x*_% 0,511 | 0i900 O.k3g 0.hoo
8 1/x, 0,516 | 0,700 0,%30 0,500
9 .ﬁa z 051 | 07903 0 k32 0,499

10 #eg X3 0,516 0,704 0.4%31 0,500
1 e 0,515 | ouo0n 07431 0,500
12 Vx, 0+519 | 0,704 0,533 0,501
13 7/32 xs D408 0.662 o;‘,im 0hvo
1 kog 2 0,502 | 0,6667 | cingg 0,490
15 J’x‘; 0,500 | 0,664 0,432 07490
AL 1z, 0.507 | 0,669 0,433 0,490
7 | . Log x, 2 X, 03586 | 07745 o059 0,511
18 | ’ Log 23 0,588 | 0,714 0461 0,512
19 JEB 0.587 | 0,715 0,460 0,512
20 1/x 3 0,591 | o740 0,462 07594
29 Log =z, z 0.579 | o042 otkhs58 03512
22 3 Log X, 0.582 | 0,747 0,460 0,512
23 1 J?B 0,580 | 0,994 0.%62 0,512
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_SeMool v | x, %, X, 1970-71 1971-72 1972-73 197374
24 | Log ¥ |Log x_' Log x ‘l/x3 0.585 0.71% O:’+61 0.513
25 V= Xy 0.583 | 0.717 | o.uz8 0,512
26 Log Xg 0.585 0.718 0,460 0.513
27 Jx‘3 0,58 0.718 0,460 0.513
28 1/::3 0.588 - 0.715 0.459 0.51%
29 1/% % 0.570 [ 0.677 | 0,459 0,50k
30 log X3 0.57% 0.681 o, k58 0,50
31 \F% | 0.571 | 0.679 | o:u59 050k
32 /24 j‘ 0,578 [ 0.68% | 0,458 0. 50k
33 51 | x X3 0.553 | 0.708 | oilyg 0,50k
3k Log x, ;‘j 0.555 | 0.707 | 0,454 0,505
35 {:?3 0.55% 0,708 0.450 0,50
36 1/::3 0.558 - 0,702 0451 0.506
37 Iog x,, X3 0.545 | 0,706 O 449 0.505
38 Log xy 0.548 | 0.708 | 0,450 0.505
39 ' 0.547 | 0,707 | G450 0,505
40 ‘ /x4 0.552 | 0.708 | o451 - 0,506
11 : \[:?2 x3 0;549 0,710 0449 0,505
ko %Log x, 0.552 0.711 0.451 0,506
L3 Jx—3 0:551 [ 0.711 || o.450 | 0.506
My _ 1/}:3 0,555 0,708 0,45 0,507
Y5 1/;’2‘ X3 0.535 0.670 o483 0. %97
46 11og X3 0,539 067k 0449 0.496
47 ﬁ 0.537 0.672 0. 4k9 0499
48 1/::3 05Me [ 00677 | o.hug 0.496
L9 - 1/x, x x, 0.621 0,726 | 0,459 | 0,527
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Years | sourece B.F. Sum of Mean Square
~ -~ Squares i,
Overall regregsion .13 6,880 - #
1970-71 Difference of positions | 3 3.239 ¥ '?.0798( )
Difference of lx;gimssﬂ.ona g ¥,158% 37 n
Combined resid 186 17,5020
‘Jr Total 202 28,7797
Overall regression Tl 3 0 0,
197172 | Db O | 3 ‘3'355 | 8215538:;)
1971~ erence of regressions| .
Combined residual 22‘1 6, 222, 0. 0279
Total 256 1, 9961
Overall rogression 3 ’*-.119’*
1972073 |  Diperemce of posttlons of 3 359208 8’39333 tn)
4972w erente of regressions . .
Cambined regiduval 208 20. .9995 0,1009
L ‘ . ' - ~— i i ity -
Total 223 29.3997
Overall regression 3 3 08557
oo | MRTE S EENEN S | B | BERG
L efence o I'egslo
3 Combined resj.duag 20k 9‘2369
Total 249 | 13,1583 O

N.B: n) Not significant \
(w Significant at 1 per cent level \
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Souree of Variation

ML

Variance

compon=-
.t ents - -
.Be,é‘iggegm Clrcles L8 031636 -
b4 | Between flelds within .

eircles 20§ 0,.1026 0,0371
Between plots within o
£ields 257 0,0400 0,0100
Between firclds 48 42k 851770 h

_ Betuween fieldg within . L,

x, circles 205 | 3068.4809  |8%1,L700
Between plots within ) ' .
fields 257 966,8579  1966.8579
Between Circles 18 0,3249

%, Between fields within ' ’
civeles f 205 0,2816 60,0976
Between plots within '
fields 257 0,0374 0, 0374

-

Between Circles 48 0,2253
Between flelds within ) .

EN circles 209 0, 1186 050383
Between plots within '
fields 257 - 040230

¢, 0230




. agqbé; Sourde of Variation DFy M.Sa Variance
i COMPOn~
. w,| ents - -
Boatween Circles T 075628 |
v Between f£lelds within ' -
circles 17% 0.4315 0. 0435
Between plots within . .
fields 22k 0,019% 0.0199
Between Circles k8 16418,9970
Betyeen fields within o '

X circles , 17 |2767.6128  [787,%218
Between plotd within ot
flclds 22k | 956,788 75‘5”‘-‘71'83
gatween circlds L6 1, 1649
‘Between fielda within s N

X, circles 17k 07296 | 070823
Botween plots within . .
flelds 2% 0. 0776 0,0776

\ N S
Botween Circles 7S G 154 ¢
Between fields within i .

) eircles 17% 0,0696 0y015%
Betwecn plots within . i
fielde 224 050302 '0,0302




g

-

Variance

Charagtey Source of Variation D.F. M8,
. « .} Gompon~
ents -
Between oircles Bl 0, 1778 |
Betweéen fields within S
¥y eircles 171 0,0975 | 0,0290
Between plots within X .
fields 220 0,0232 | 070232
Betwaen circles (A A 6199 .6068
X Between ficlds within | .
1 circles . 171 [197870309 [453,3987
Between plots within ! o
Melds 250 | B16.6613 [816:6643"
Between (ircles 1 0,9322
Xy Batween fields within . ..
circles 171 0,2025 | 070856
Between Flots within | |
Betweon Circles Lk 0.287%
xg Between fields within , - ] .
circles 171 0.0479 <6079
Between Plots within ’
fields 220 0,0278 | 0©,0278




T th po3 centa - i error of the e ~ mav o8- of.
0,5, 7:8 angd 6.3 for the three biometrical eHaracterd
SSDECTLVB.LY 4
Ratio Years, ¥lant Plant Basal
cqte dengity helght dlameter
2 ’ (¢ 9% (2, ) (xq) - S
1 37
1970-71 | ™ é é 5
T 2 1 2
19971+72 | m 7 6 9 .
B 2 | 1 B
11t — o . S oo
1972-73 | ® 8 7 g
n 1 L a,
1973-7% | @ 5 b b
n 2 2 2 -
1970-7¢ | & 6 5
197172 | W 10 5 ER
1:2 I 1 1 1
1972-73 | m 8 7 7
A | | ) SR ,
— . o 4 - o ‘_1'
1973-7% | B _ g Y
i ?i 1 2-
197071 | m é g 4
;. 2 2 + 3
197172 | m 7 6 8
| 2¢1 b a 1 -2
— A A
197273 | B é ] 5
< a 2 2
1973-7L T% l g 1) R



Table

2.8d

egd_va

iue -

imated

S P, g z‘eari data agg

| _from

A -

Fitted Observed T Tstimated Percentage
regrossgion eléd yieid difference
equation (19';3-71}) ()
ugsed of - &
1972-73 0,93%9 170960 + 1793
197172 Sv9 M9 09021 - 3.9
1970~71 0.9349 0.9+18 + 0.8
1972-73 * 0.9349 0693 - + W
1971-72

| .
197273 + 0.9349 120094 + 779
1971-72 + -
1970-71
NJM ¥y 1s the average fibre weight of Jute crep in & per plot

of sige % sq, mt,



Goserved

Fitted Fstimated Percentage
regression’ value’ value difference
aguation used (197273 ) (v}
o &)
197172 1. o60 0.8297 - 21391
197074 1,060 078931 L= 15,7
197172 % 7071 1.060% 0 8l - 20,36

Fitted Obaerved Estimated | Torcentage
regression value valus , @lfference
equation {197¢4%72) k?% *
uged of )

1970-~71 0,5160 o 7418 + L3y

N.B; ¥ is the average fihre weight of Jute crop in Iz per plob
of slze four sq, mets,

o eiASs
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